ABstRacr.--Change in body mass is an important measurement in many studies addressing changes in energy stores or condition. Usually, change in body mass is measured in birds caught twice, but this has a number of drawbacks (e.g. low number of retraps, retraps not representative of all first captures, adverse effects of first capture on body-mass development). Therefore, we investigated whether plasma metabolites correlate with body-mass change, and which metabolites could be used to predict body-mass change in birds caught once. In an experiment, 20 Garden Warblers (Sylvia borin) were given different amounts of food to induce stable, increasing, and decreasing body masses. Most of the eight plasma metabolites we examined were significantly correlated with the change in body mass between early morning and midday, the time of blood sampling, but not with body mass or various measures of activity. Metabolites that are known to characterize resorption were elevated in birds gaining body mass and metabolites characteristic of fasting were elevated in birds losing body mass. Triglycerides and fi-hydroxy-butyrate together explained 61% of the variation in body-mass change (triglycerides alone 44% and fi-hydroxy-butyrate alone 51%). These metabolites may be used to predict body-mass change in birds caught once, provided that the reliability and sensitivity of this method are checked in field tests. Received 27 September 1993, accepted 30 January 1994. 
effect on the development of body mass (e.g. Rogers To test whether plasma metabolite levels predict individual body-mass changes, we chose to study a long-distance migrant, the Garden Warbler (Sylvia borin). This species naturally shows pronounced endogenous changes in body mass during the migratory season that are well stud- Food consisted of mealworms and a mixture described by Berthold et al. (1990) . During the experimental period, the birds were given an amount of food that induced the desired change in body mass. In addition, fruits (Frangula alnus, Sambucus nigra, S. racemosa, Lonicera xylosteum) found in natural habitats of Garden Warblers always were available.
Experimental protocoL--The experimental design was to take blood samples during four different body-mass conditions: (a) during a period of stable body mass of about 18 g (corresponding to premigratory mass); (b) during a period of mass gain; (c) during a period of stable high body mass of about 21 g; and (d) during a period of mass loss. For keeping body mass stable at a low level (ca. 18 g), 5 to 6 g of mealworms and food mixture were given; for keeping body mass stable at a high level (ca. 21 g), 10 to 11 g of food were provided. For increasing body mass, food was provided ad libitum and, for inducing a decrease in body mass, food was reduced to 3 to 4 g. The amount of food given was adjusted individually. One-half of the food was given in the early morning, the other half at midday. turing the vena ulnaris and the blood drops were collected with a capillary system (Microvette CB300 Fluore, Sarstedt). The blood was centrifuged and the plasma stored at -20øC until analysis. An aliquot of plasma was stored at 4øC for protein and lipoprotein electrophoreses, which were completed within two days. In a few cases, the amount of blood sampled (triglycerides + glycerol) -glycerol.
Lipoproteins and plasma proteins were evaluated using the standard agarose gel electrophoresis system Paragon (Beckman) and following precisely the instructions given by the producer. The proportions of the peaks were quantified by densitometric scanning (Appraise Junior Densitometer, Beckman).
Lipoprotein electrophoreses showed a maximum of five peaks. Peak I (LIPO1), situated at the origin of the electrophoresis, is found only in resorptive birds (unpubl. data) and represents the chylomicrons. Peak 2 (LIPO2) was shown to represent the very-low-density lipoproteins VLDL (fraction 1 in Jenni-Eiermann and Jenni 1992). For the purpose of this study, the sum of LIPO1 + 2 was considered, since chylomicrons and VLDL are directly related to fat transportation to the adipose tissues.
Plasma protein electrophoresis showed a maximum of six peaks. Peak 1 (PROT1) is considered in our study, because it represents albumin (unpubl. data), which is the main carrier of free fatty acids in the blood.
Data analysis.--By varying the amount of food, it was possible to induce the planned body-mass conditions in general (Fig. 1) . However, the body-mass changes could not be controlled very precisely, probably because the birds could always choose among food types of different energy contents, and because they differed in activity levels. This resulted in a range of body-mass changes. Therefore, plasma metabolite levels were analyzed both by evaluating differences between experimental body-mass conditions and by looking at correlations with body-mass changes. One bird of group I decreased in body mass when sampled for condition a, and was excluded for comparisons 
RESULTS
Effects of body-mass conditions.--The plasma metabolite levels differed significantly between the experimentally induced body-mass conditions with the exception of glucose, protein, LIPO1 + 2 (group 1) and PROT! (Fig. 2) . Glycerol, free fatty acids, and •-hydroxy-butyrate are high during fasting (Jenni-Eiermann and Jenni 1991), and they also showed low levels with increasing body mass and high levels with decreasing or stable body mass here.
Triglycerides, uric acid and LIPO1 + 2, which have high values during resorption (Jenni-Eiermann and Jenni 1991, unpubl. obs.), exhibited the reverse pattern. They were high when body mass increased and low when body mass decreased.
Glucose and protein levels did not differ significantly between body-mass conditions. PROT! showed no significant differences between body-mass conditions, although its pattern was similar to the metabolites associated with fasting.
Effects of body mass, body-mass changes, and activity.--In a first set of multiple-regression analyses, the individual birds always were included in the model as a set of dummy variables to test for individual differences, but the experimental group was excluded. In all regression models tested, the set of dummy variables representing the individual birds had no significant influence on the metabolite concentrations.
In a second set of multiple-regression analyses, the individuals were excluded and the experimental group was tested for significance. (Table 3) .
A third analysis examined the influence of the activity during the morning on the plasma metabolites in more detail, and we selected again (Table 3) . Hence, only free fatty acids showed a strong correlation with the amount of activity during the few hours before blood sampling. This confirms the results of the multiple-regression models (Table 1) 
. The correlation with HOPS-M is apparently strong enough to resist the intercorrelation with D-MASS-M.
In summary, these analyses confirm that D-MASS-M is the best predictor for most plasma metabolite levels. Regarding the multiple-regression models (Table 1) (Table 1) . This was to be expected since these metabolites increase in the plasma during resorption and transport fat in the blood to the adipose tissues and the energy consuming organs; chylomicrons transport triglycerides that originate directly from the diet, and VLDL triglycerides that were synthesized in the liver. Uric acid, the end product of protein ca- ing (Jenni-Eiermann and Jenni 1991). Triglycerides from the adipose tissues have to be hydrolyzed to glycerol and free fatty acids before being delivered into the blood. fi-hydroxy-butyrate is a keton body synthesized from free fatty acids and replaces glucose, especially in the brain. Since free fatty acids can only be transported in the blood bound to albumin, the observed increase in albumin (PROT1) was also an expected result. The increases in glycerol, free fatty acids and •-hydroxy-butyrate indicate that food intake was not meeting the energy requirements of the birds and that stored fat was catabolized. During fasting, free fatty acids are the main fuel for moderately exercising birds (Brackenbury 1984) . Hence, the correlation between the activity during the morning and the level of free fatty acids is an expected result.
In summary, our findings confirmed for a small passefine that plasma metabolites characteristic of fasting increase during periods of body-mass loss, and metabolites characteristic of resorption increase during periods of bodymass gain. The experiments also showed that this pattern is virtually independent of the actual body mass, at least within the body-mass range examined. Glucose was the only metabolite showing a strong relation with body mass and no relation with body-mass change. Predicting body-mass changes from metabolite levels.--In our experiments, •-hydroxy-butyrate and triglycerides together explained 61% of the variation in body-mass change, while •-hydroxy-butyrate alone explained 51% and triglycerides alone 44% (Table 4; Fig. 3) . In a study of free-living birds, the same two metabolites strongly differentiated between feeding and fasting birds (Jenni and Jenni-Eiermann 1992). The functional relationships between body-mass change and the two metabolites may serve to predict body-mass change of birds caught once in field studies. When applying this method, however, several points listed below have to be observed.
The experiments of our study concerned birds consuming some food during the natural foraging period. Hence, the method to estimate mass change from plasma metabolites should, at this stage, be applied only to birds during the foraging period. In fasting birds that perform high-level activity (e.g. migration without feeding en route), triglycerides are elevated and indicate a special pathway that enhances the delivery of free fatty acids to the muscles (JenniEiermann and Jenni 1992).
Time of year, stage of molt, and age were held constant in our experiments. Further studies should explore whether there is variation in the relationship between the two metabolites and mass change depending on the time of the year (e.g. during reproduction, molt, migratory fattening), and whether there are differences based on sex and/or age.
Time of day also was held constant in the experiments. It is well known that •-hydroxybutyrate and triglycerides are dependent on the daily pattern of food intake. Triglycerides increase and •-hydroxy-butyrate decreases markedly from the early morning until the afternoon in small day-active passetines (unpubl. data). Therefore, an analysis of plasma metabolite levels of birds sampled over the daylight hours should take into account the daily pattern of the metabolites. Birds in the early morning that have fasted inactively during the night are expected to be of little use for evaluating bodymass change through measurement of plasma metabolites, because differences in food intake
are not yet reflected in the metabolite levels.
However, it would be of interest to determine whether plasma metabolites measured in the early morning reflect body-mass loss experienced during the overnight fasting period.
Since the levels of plasma metabolites depend strongly on food intake, differences in the daily pattern of food intake (e.g. caused by weather or differences in diet) may cause differences in the daily pattern of the metabolite levels. The metabolite levels might differ depending on the composition of the diet, as suggested for plasma cholesterol, albumin, urea, and uric acid (e.g. Sturkie 1976, Gavett and Wakeley 1986). In our experiments, some birds favored fruits, but others largely neglected them. Although we found no indication of concomitant differences in metabolite levels, this problem needs further study. For the estimation of body-mass change from plasma metabolites, one may measure both •-hydroxy-butyrate and triglycerides (and use multiple-regression function shown in Table 4 ), or either of these alone (Fig. 3). •-hydroxybutyrate does not show a significantly better correlation with D-MASS-M than triglycerides. If only one plasma metabolite is measured, we suggest that investigators evaluate triglycerides because these metabolites are directly related to fat deposition, which is the point of interest for many who determine body-mass change.
•-hydroxy-butyrate may be measured in addition, but is more likely to be subject to additional influences than triglycerides.
•-hydroxybutyrate is generally associated with fat catabolism, but is especially high during transitions 
